Letter to the Editor
Although it has long been known that Prader-Willi syndrome (PWS) is caused by the loss of function of imprinted, paternally expressed genes in 15q11q13, the contribution of the different genes within this region has not yet been completely resolved. Based on the identification of rare deletions affecting only the snoRNA gene cluster SNORD116 it has been suggested that this is the major locus [1] [2] [3] . Recently, Schaaf et al. have described truncating mutations of MAGEL2 in four patients with a broad range of clinical phenotypes [4] . The authors conclude that "MAGEL2 loss of function can contribute to several aspects of the PWS phenotype". While this may be true, we think that the available data are not sufficient to justify this conclusion.
We have recently seen a 3-year-old boy with a paternally inherited deletion of~3.9 Mb that includes MAGEL2, but not the SNRPN/SNORD116 locus ( Figure 1 and Additional file 1: Figure S1 ). Apart from delayed motor skills, the boy is asymptomatic (for a detailed clinical description see Additional file 1). This is the second individual with a MAGEL2 deletion who certainly does not have PWS; the first one was also described by our group [5] .
Here we offer an explanation for the apparently discrepant findings, which is also important for deciphering the role of candidate genes in PWS and other contiguous gene syndromes.
Usually, exome sequencing is performed to identify a gene that is affected in several patients with the same disease. The identification of such a gene is a strong indication that a mutation in this gene causes the disease. Schaaf et al. have started their study with a patient of unknown clinical diagnosis, whose genome was investigated under a de novo model only. The other three patients were identified by searching a clinical exome data base. Apparently, an exome-wide analysis under different genetic models was not performed in these patients. Therefore, the number of potentially pathogenic variants in these patients is unknown. In this situation, it is difficult to prove causality, especially when there is no consistent phenotype (since each of the Holm's criteria for PWS refers to a rather common and unspecific clinical sign, many patients with diverse disorders fulfill some of them; these should not be called "PWS phenotypes"). The paternal origin of the MAGEL2 mutations does not prove causality, because the majority of point mutations occur during spermatogenesis. In summary, it is possible that the MAGEL2 mutations are innocent bystanders and that the patients have autosomal recessive or X-linked recessive disease (note that all patients are male).
Even if the MAGEL2 mutations were causally related to the clinical phenotypes of the patients described by Schaaf et al., it is still possible that they do not contribute to PWS, and there is a precedent for this. In fact, MAGEL2 is not the first protein-coding gene in the PWS region found to be mutated. The first one is MKRN3 (Figure 1d ), which was found to be mutated in patients with central precocious puberty [6] . In contrast to these patients, patients with PWS typically have incomplete or delayed puberty. The finding that MKRN3 loss of function alone causes central precocious puberty, but not in combination with the loss of function of the SNORD116 genes, indicates that the SNORD116 loss of function is epistatic to MKRN3 loss of function, probably because the SNORD116 genes act developmentally upstream of MKRN3.
Another possibility is that there is leaky expression of the maternal MAGEL2 allele in a subset of neurons in patients with a paternal MAGEL2 deletion (our patient and PWS patients), but not in patients with a truncating MAGEL2 mutation (the patients described by Schaaf et al.) . A precedent for this situation is the recent finding of stochastic loss of silencing of the imprinted Ndn/ NDN allele [7] . These authors find weak expression of the maternal Ndn allele in mice with a targeted deletion of the Ndn gene that includes the promoter but not in mice with a targeted deletion that does not include the promoter, probably because of promoter competition. We note that the four patients described by Schaaf et al. have an intact promoter on the paternal allele, whereas our two patients and the majority of PWS patients don't.
We conclude that it is important to distinguish between point mutations and whole gene deletions and that the effect of the genes in the PWS chromosomal region may be epistatic rather than additive. Therefore, the role of MAGEL2 in PWS remains unclear.
